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LINER EXPANDER 

This invention relates to a constant force spring device, and 
more particularly, to a device for expanding a metallic liner wherein an 
expanding die is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
installing an expanded metallic liner in an oil veil or other conduit, 
typically, a corrugated steel liner is inserted in a conduit which is to be 
lined, the greatest peripheral dimension of the liner being slightly less 
than the inside diameter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first-stage expanding die 
causes a gross plastic deformation of the liner, which is expanded outwardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the liner and to assure more complete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictional drag of the first-stage die supplies the 
expanding force for the second-stage die, which expanding force is a direct 
function of the strength, or wall thickness, of the conduit in which the 
liner is being installed. For example, in lining oil veil casing, heavy 
wall casing may cause a very high frictional force which results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result in rupture of the casing 
or in breaking the installing tool. In instances where the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as where 
a cantilever spring arrangement is employed in connection with the second- 
stage die, various difficulties are encountered in obtaining a spring 
mechanism having the desired strength in combination with the other spring 
characteristics, and with the tool dragging against the inside wall of the 
conduit after being passed through the liner. 
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Since tools of the type mentioned above often are employed in wells 
deep in the ground, it is highly preferable that a tool be used which under no 
circumstances will become stuck in the well or cause damage to the well. Any 
such trouble occurring in a well can result in considerable loss in time and 
great expense in making repairs. 

An object of the present invention is a device for applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a work piece. Another object is an 
improved expanding tool for installing metallic liners in a conduit, which 
10 expanding tool can apply no greater than a predetermined force to the liner 
being installed in the conduit. Still another object of the invention is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-operate expanding tool employing such a spring 
device. These and other objects of the invention will become apparent by 
reference to the following description of the invention. 

In accordance with the present invention there is provided a con- 
stant force spring device which comprises a body member, an elongated column ' 
element adjacent said body member, bearing plate members contacting the two 
ends of said column at least one of said bearing plate members being longi- 
0 tudinally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent defonna- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metallic liner inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My invention will be better understood by reference to the follow- 
ing description and the accompanying drawings wherein: 

Figures 1A, IB and 1C, taken together, constitute a partial sec- 
tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 
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Figure 2 18 a sectional view of the apparatus of Figure 1A taken at 
line 2-2; and 

Figure 3 Is a typical plot of applied Load versus Deflection for 
the constant force spring device of the Invention. 

Referring to the drawings, Figure 1A is the bottom portion of a 
linear expanding tool for use in installing a metallic liner in a well, while 
Figure IB illustrates the middle section of such a tool and Figure 1C repre- 
sents the upper section of the tool. The expanding tool 11 is attached to 
standard well tubing 12 by coupling 13 and, typically, may be lowered from the 
10 surface through a well casing (not shown) to a point in the casing at which it 
is desired to install a metallic liner. Before Inserting the tool into the 
well, an elongated vertically corrugated liner Ik fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated' 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first-stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a first, 
stage expanding die In the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 17 
is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft 18. The enlarged portions of the arms 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner into a substantially cylindrical shape. The arm members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
expanding member 2k slidably positioned on the shaft to serve as a second-stage 
expander. The surface of the meaber 2k, as shown, moves upwardly along the 
shaft to engage with the arms and move them outwardly. Advantageously, the 
inside surfaces of the arms 22 and the outside surface of expanding member 2k 
form mating sections, typically octagonal in shape. The expansion of the ara 
members is controlled by the position of the member 2k which moves upwardly 
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until It contacts shoulder 26 provided on the abaft. As member 2k moves ln a 
dovnwerdly direction arms 22 fold inweruly toward the shaft. IJ» expending 
arms 22 arc held in place on the shaft by collar 27 and circular groove 26 
provided on the shaft. 

The expanding tool, comprising the first-stage die and the second- 
stage die is drawn through the liner to expand it in place in the casing. The 
first-stage die provides a gross deformation of the liner so that it is 
expanded outwardly against the wall of the casing. The second-stage die then 
passes through the liner and performs the final expansion to smooth the inner 
10 surface of the liner and to provide more even contact between the liner and 
the wall of the casing and effect a fluid-tight seal. 

in operation, the liner setting tool is assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the liner. The assembly is lowered 
into the well at the location at which the liner is to be set. A liquid, such 
«s oil, is then pumped under pressure down the well tubing and flows through 
the passageway 29 provided in polished rod 31, through port. 32 and into cylin- 
der 33 connected to the upper end of the shoulder 16. Upon the application of 
fluid pressure to the cylinder, the piston 3k secured to polished rod 31 moves 
upwardly in cylinder 33. As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 1 7 . When the piston 3k 
moves upwardly through the cylinder 33 the expanding die 17 and the second- 
stage die 22 are drawn upwardly into the corrugated liner Ik and "iron out" 
the corrugations in the liner, eo that the expanded liner may contact the 
inside wall of the casing In which it is being Installed. Positioned on the 
shaft below the expanding member 2k la a constant force spring member 37 which 
is employed to urge the expanding xember against the expanding arm. 22 with a 
substantially constant force. The force exerted against the am member, being 
substantially constant, the force transmitted through the am member, to the 
liner and to the ca.lng will be .ubatantially constant ao that either .ticking 
of the tool in the casing or rupture of the caaing 1. precluded. Of courae, 
the force provided by the spring member i. presented .o that the frlctlonal 
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forces between the tool and the liner and the pre 6 sure exerted against the cas- 
ing are maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure between the liner forming portion 23 
of the arms 22 is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 is slldably mounted on the shaft 
18 and held between the expanding element 2k and a cylindrical lower shoulder 
member 38 forming a portion of a differential screw element 39 vhich transmits 
the loading on spring member 37 to shaft member 18. The differential screw 

10 element comprises shaft member 18 on the outside of which are cut male threads 
l8a, the lower shoulder member 38 provided with female threads 38a and thimble 
member hi provided with threads 4 la and k lb on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder* The two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loads and differ in pitch so that shoulder 38 is moved 
upwardly on the shaft 18 when the shaft is revolved relative to thimble 1*1. 
The shoulder 38 is secured to the shaft 18 by splines 45 so that it can slide 
longitudinally, but it is not free to rotate on the shaft. Fixedly attached 
to the lower end of the thimble is a friction member, such as bow springs U2, 

20 a hydraulically actuated friction pad, or other such device for frictionally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 38a is the same as that of the shaft threads l8a, e.g. right- 
hand threads, and the pitch, or lead, of threads 18a is slightly greater than 
that of threads 38a, with the pitch ratio being close to unity. In this 
manner, clock -wise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on spring element 37 to cause buckling. For example, one satisfactory 
differential screw was made up using five and one-half threads/inch square 

30 threads on a shaft approximately 1.7-inch outside diameter and five and three- 
quarters threads/inch square threads on a shoulder approximately 2.5-inches 
inside diameter. 
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Constant force spring element 37 comprises column element 43, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member 44 is in contact with the upper ends of the 
columns and is slldably positioned on shaft 18 to transmit the force of the 
spring longitudinally against the bottom end of expander member 24. Lower 
bearing plate member 46 contacts the lower ends of the columns and is moved 
upwardly along the shaft by longitudinal movement of lower shoulder 38 as a 
result of revolving differential screw element 39. Grooves 47 are provided 
in each of the bearing plates, to torn an upper race and a lower race, into 
which the ends of the columns are inserted. These grooves may_be shaped to 
conform with the s.-mpe of the column ends if desired. A cover 1*8 may be 
employed to exclude foreign matter from the "spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions in a buckled condition, application of 
excessive compressive load thereto would cause total failure or rupture of the 
columns. Therefore, a pair of stops 4 9 and 4 9 a are provided for this purpose. 
As shown, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper and lower limiting sleeves positioned on the shaft to 
slide longitudinally thereon. Tne ends of the stops may mo-e toward, or away 
from, each other as the load on the spring member varies. Lower sleeve 49a 
is prevented from moving down by lower shoulder 38 connected to the shaft 18. 
However, the spacing between the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
defomation of the column element 43. Various alternative means for prevent- 
ing dsmage to the column element may also be employed. 7or example, pins or 
rings mounted on the shaft may serve as stops, or the cover 48 provided with 
suitable connections may be employed for this purpose to limit longitudinal 
and/or lateral deflection of columns. 

The columns of the column element 43 may be arranged around the 
shaft 18, which as shown here forms a portion of the body of the spring 
device, with ends of the columns fitted in the races 4?. The columns may be 
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fitted closely together as shown, or may be spaced around the race, with sepa- 
rators used between them to maintain the desired spacing. The number of 
columns employed will depend upon column characteristics and the materials of 
construction. For example, the slenderness ratio of the column may be varied 
widely, and the column end, may be round, flat, fixed or hinged. The preferred 
construction is a thin, slender .olumn with rounded ends, free to move within 
the races shaped to the curvature of the column ends. Materials which may be 
satisfactorily employed for the column, are carbon and low alloy steels, 
chromium and nickel-chromium stainless steels, various copper base alloys, such 
10 as phosphor bronze, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns are of long rectangular cross-section, with the width being 
greater than the thickness, and arranged so that the wider face of the columns' 
is normal to the diameter of the .haft. Thus ; with sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft 13. 

For example, a group of columns 0.167-inch thick by 0.108-iaCh wide 
by 10.6S6-inches long, with the ends rounded, were fabricated from A.I.S.I 
»»0 steel, quenched and drawn at 575'F. Each column was found to require a 
20 critical compression loading of 4 5 0 pounds in order to buckle the column. 

After buckling, the columns were found to have a very flat spring characteris- 
tic, as shown in Figure 3, wherein P c is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield joint of the material. Theoretically, the shape 
of this spring characteristic curve is described by curve OA 'ABC. Actually, 
this curve is described by OABC due to friction in the system. Points A end B 
represent typical vorklng limits, which, of course, may be varied according to 
the application for which the spring is designed. For example, where a large 
number of flexing cycles are not anticipated, a working stress Just belov the 
30 yield point may be used, while with, a great number of flexures, the working 

stress may be held to less than the endurance limit of the material of construe 
tion. in the above-mentioned tests, the lateral deflection waa limited to 
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approximately one inch, at which the longitudinal deflection was approximately 
0.225 inchea. Prom zero deflection to the maximum deflection, the U 5 0-pound 
loading waa found to he eubetantlelly constant. 

In another teat a spring device was built, a 8 ahovn, employing 20 
coluana, each having a critical buckling load of 12 5 0 pounds. The lateral 
deflection vae limited between 0 and about 1.00 inchea by appropriately posi- 
tioning the atopa. Upon compressions! loading, the apring element buckled at 
aubatantially 2 5 ,000 pounda and from a longitudinal deflection of 0.04 inchea 
(buckling) to about 0.15 inches the load remained substantially at 2 5 ,0OO 



10 pounds . 



Of course, In designing a apring element aa above it ia advantageoua 
to obtain the greatest poaaible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level in the columns at a safe level. ^ preferred columns, there- 
fore, are laminated, aa shown in Figures IB and 2, with multiple flat membera 
making up each column. 

In the operation of the above expanding tool for setting a liner 
in well casing, the made-up tool is lowered into the well as mentioned above, 
with the arms 22 in the retracted poaition. When the tool is at the desired 
20 level, the well tubing ia revolved. Ihe friction member U2 engagea with the 
wall of the casing and prevents thimble kX from revolving. With several 
revolutions of the tubing, iover ahoulder 38 la mo*d upwardly by differential 
acrew 59 to buckle apring element 37 which haa a predetermined critical 
buckling load. This load is tranamltted upwardly against the lower end of 
expander 2k, and its tapered aurface ia engaged with the tapered surface on 
the inaide of the arma 22 to urge the arms outwardly with a aubatantially 
constant force proportional to the critical buckling load of the apring 
element. Subsequently, the expanding tool i, pasaed through the liner to 
expand it in the casing in the manner described hereinbefore. 
30 n» foregoing description of a preferred embodiment of my invention 

has been given for the purpose of exemplification. It will be understood that 
various modifications in the details of construction will become apparent to 
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the artisan from the dpRrHnt^n ««j 

tne description, and, as such, these fall within the spirit 

and scope of my invention. 
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I CLAIM: 

1 1. A device for expanding a metallic liner inside a conduit which 

2 device comprises a shaft element, an expanding die member attached to said 

3 shaft element, said die member comprising a movable liner-forming member 
k positioned on said shaft and being radially movable in respect thereof to 

5 contact said liner, an expander member slidably positioned on said shaft 

6 between said shaft and said die member to move said liner- forming member 

7 Tram said shaft, and a constant force spring member positioned on said shaft 
to contact said exjander member and to maintain said expander member against 

9 said liner-forming member, whereby said liner-forming member is urged against 
said liner by a substantially constant force. 

2. In a device for installing an expanded metallic liner in a 
conduit wherein an expanding die is moved through a liner positioned in said 
conduit to expand said liner: a cylindrical shaft element, an expanding die 
member attached to said shaft, said die member comprising a plurality of am 
members disposed around said shaft and being pivotable outwardly therefran to 
contact said Uaer, a cone member slidably positioned on said shaft between 
said shaft and said arm members to urge said arm members outwardly fro, said 
shaft, and a constant force spring member positioned on said shaft to contact 
said cone member and to maintain said cone member in contact with said am 
members, whereby said am members are urged outwardly by a substantially 
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11 constant force 



3. The device of Claim 2 wherein said constant force spring member 
comprises a plurality of columns disposed around said shaft, a first bearing 
plate member and a second bearing plate member, each of said bearing plate 
members contacting opposite ends of said columns, at least one of said bearing 
Plate members being movably positioned on said shaft and being in contact 
with said cone member, stop means connected to said shaft to limit the axial 

7 travel of said movable bearing plate member along said shaft, and expression 

8 means for maintaining a lateral deflection in said columns. 
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1 k. a. device of claim 3 8ald ocopreaelon ^ 

2 a differential screw connecting said spring member and said shaft. 

5. The device of Claim 3 wherein said stop means comprises a 

2 sleeve-like element connected to said movable bearing plate member and 

3 slidably positioned on said shaft and a member connected to said shaft to 
■» Unit the travel of said sleeve-like element. 

1 6. The device of Claim 3 wherein said columns have a rectangular 

2 cross-section, the width being greater than the thickness, and having the 

3 wider face normal to the diameter of said shaft. 

1 7- A device for installing an expanded metallic liner in a conduit 

2 which comprises a cylindrical shaft element; an expanding die member mounted 

3 on said shaft, said die nember comprising a plurality of arm members disposed 
* circumferential^ around the outside of said shaft a* being pivotable out- 

5 wardly therefrom to contact the liner; a conical expanding member slidably 

6 positioned on said shaft between said shaft and said arm members to urge said 

7 arm members outwardly from said shaft; a plurality of slender columns, each 

8 having a long rectangular cross-section and disposed circumferentiaUy about 

9 eald shaft; an upper bearing plate member and a lower bearing plate member, 

10 each slidably poeltioned on said shaft and contacting opposite ends of sail 

11 columns; limiting sleeves attached to each of said bearing plate members 

12 and slidably positioned on said shaft; a shoulder member on said shaft; a 

13 differential screw element connecting eald shoulder and said shaft to apply 

14 a buckling load to said columns; said- shoulder being engageable with the ' 

15 limiting sleeve connected to said lower bearing plate member, whereby the 

16 axial travel of said bearing plate members is limited; said column members 

17 transmitting their buckling load to said ana members to urge said arm ambers 
lfl outwardly with a substantially constant force. 
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Jddcv Cntaaci oorrm en too lad** of tto Haw vofl to »«*un* «mrt oo^iov> 
Moteet totooon t** ootfuit «ni to* uw. la * tndotd to*i*> of this Vpo 
■qaailnc tool, too friotioml *«c of Hh nnc»itm 4l» mo^bUm tt* 
•xptoAK* Twroo fbr too McooA*«faa« dlo, 4d«Ji j^omdiap tcroo io * *mot 
fuoUoD ot cbo itmett, or «U tomtaoou, of oa con&xdt 1* «*iic> u» 
Hoar 1* labia laftaliaS. for inonk, la HxdJ% oU wU c*JLr*, tonvjr 
eo «U tutu* oaf mum * y*ij XS*\ cnotlaol rotoo auk iwalto la vuhmIvo 



nalioMtoM or too pwi ftcoii mqirtnl air aaU U np*m ot tJ» aulas 
or 1m toamas 4a* lortolllaa tool. In tu rnm tow. t*a latornol 
«Ua»atc af too Otofc** la ooaotoat U« tarn tout *MUl**t*4, tho jvfalt* 
lat nmi an ma* *• tool to Moon* otatk la the oMtofe ow othoi«U* 
ma II mi to too «Mlag cad too tool, is otocr ii^ «* at ta*to 
o oaottlooo* HrlAg ■«**»>*•** t» ■■ploovl *a ocmoetlon ttia too aaoonL- 
tUa Alo, Tuncna aitriooltiM *t» inoowrfarai la obUd^ai a ajarU* 
atolaalMi hulitc oaalM «tna|to la agaMamttoa vito too otoex aavias 
30 «tenCoto«tftlM p oal vita tba tool 4x««|SB0 tcftlaot too ltoito toll oX U* 
ooatatt aftn tataj paioal toMo^ too Uatr. 
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llMt t M u of D» in* Mstlttrt «tem> ©f o>* u* «n>^4 
dMf 1* too il U yr*r«r»hlD Ihkf A tool to ooof motor » 

1 1 1 wit vtll \*vo** otaek la Urn ooll or uoum 4mp to too *oU. Aaj 

Mh %ro(M« ewinUii la a mil tra i» eaiilmU» to- to U-« m* 

> is amkisc ropolM. 
Am o*>ot of too lovoottloo la ft* to«ioo *o* » «»- 

bloc «■ «tMor olidlxr wmIn oo toot » or»- 
, 10 ioiim oftUvi a wrk |Um. tootoor &« oo 

tMPOiit, 



teto* tootolUi la tto a ftUl oootoor oojoot of too Uwoottom ll n 

occovolool «o* ooollj Nbriootoft osnotoBt tmtm oorlo* tooioo. * toW 
oYJoct 1» » roj»rt» ooo y to o ot f N o^pooltof tool oopU/log not o oprinc 
Ardoo. V** ao* otoor ofcjooto of too l»mtloi> wlU tooomo ipporox* V 
roffcrooco to too fftHflMtoC *oooart pttom of too lotoottom* 

Xe tt ii win* loo srvoont tooootiaa toon to >n*tdod o ocn- 

•toot mo «prU4 «OTi~ totoo oooprtooo o V*, aomtor, om ootom 
•l_et odjoooot «U to** ■*■•»**, toorUa »JAi* moofeor* e«rto0tUg too too 
**U et MIA coloon ♦* lOMt omo of oold tooxtof »toto mxO*r* tola* loncl- 
tutloollT uttvV* 1> rotjoot of loo otoaf otopaatoo to ool* bo4j aoator 
to Halt to* ftoflootloo of ooU volw>* Hurt to pifetoot ptamaam 
ttoa «r -on oolooo oloooftt ayoa to* ajiittorttoa of o omprotolvo to** 



lo o tool f co o^ooolai o aotallle Xloor loolto 



i 

I* 



r to i 

• oflMaltv omit oou 
tonpu oajoa&to* Ho oomtor ***** too llo*r totof laotollo* to too 
enmfcHt *y • cutotootUllr coooloot foroo. 

■> latoaUto «1U to tottor .o^irrtnni V wfo«oiM to too follow 
lag teocrlyUoD ood too oooolpoay tog Ixvn&fo Wtorotot 

noiroo U> 1» od4 W f tokoo to4Vibor« nmoUWto • portlol w+- 
ttotol »too of * p««ti«t «-todto-rt of • lioor oofOBunt tool •otwrdto. to 
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TJ^urfl till Motdowl »W* o» Xi» ■OT*r»t« of flvin 11 trtM) at 

ham 2. a* tod 

ritfw* > 1* » topt«l 0T t^lud lota wnw ttetl*ettm ftor 
to* cea»to"t '«ct *yrii* dcnrloo o* Uoiotioo. 

taforrloc to U* Amtofto. Wpn Until totto* portly <rt • 
liaor upmttlnj tool ii lottolllaf • «»toiut UM> to • veil, vLLi* 

ru»r* xm uiwtntai ttf* •lorn «cu« of wob % vw. too ngn* 30 w 
mru ua w NiMn or toa tool. 9» nH 1 ^ tool U It ootooto* u. 
vUMtti tto&j* U % — 13 V^^lJ, »»jr to iownol ft*- tot 
20 nmoo tkroo* » uttoj (not fW) V) ft *«tol 1* Vw o«W • 

u toftirot to iarUll ft ootoUlo Uoor. 9*tm lAMrtlof too tost ivto tot 
toll, n oloftwtoo oftrttomU? on^ llw 1* fftbrlctto* rrt> oUa ttool, 
o« vllwr nltoU* — IV— KtarUl, U j4***4 m tot tool. «cmo*tofi 
u oooond lo jooltixB to. oovtftat >t It* *"h » cjltndrlool 

•teojft*r MNdMr 16 Nd, «t tto tovor a& to wUrt *ito » fir*t<*U«o vn***" 
1^«4 IT u ti» for* of o trooftottd draulo oom totto mm oo o f Irtt- 
vtm«» Wirt 1 1 U» U the mmCT totoiocftor 4»crfto4 . Itet i«p«ndl*« 41« U 
ftxtdlj ootoetoa to o oaxtrollj loftfttod, otoapton «7»«*rtc»i hMto. .toft iB 
*teh fan* o jcrtim of tto **V^ or tto tool, k* ^ to» •xpwdli* «to 17 



It 



» u toll lm plOto totswo -o law tfaotUAor 1$ nd oolltr n < 

ctott. . A flatolltj or wm&U » », pr*tftf»bly yrovltoft *ia watowdly 
outor*s jortiott 0 *oor too top; «tfo atofooos la ttft fam ot • arUofttr 
M*omA ihtft 10. fto wlctfri F^Uni of to» km £3 «*» tolaj 
wrtly ooRtooo too Itoar to fort** too ClOftl fttop of oftpaaotog 1 
Hoar loto » atitotootlaUy tyUosslMl itof». Tto mo oootorv K or* oi«ftUU7 
*Ucto4 to tto «om oo m to to ootohlo otoo»«ly no. too wimt% by ft vopftroft 
A^^adlaf * tllft«M7 po«lUdMd A to* wbmt% to - i H«l»^tt4» 

tnoadov. Ito ««»rf«i» of to* ooato* ao, m tbon, worn* w*~*U9 tto 
otort to ftofojft vlto to* «m« «* «n» too* ootoorft^. Mt«t*oMw»ijr, tte 
99 toftioo awfaoof of tot tajft « ooa too ouutftft aapfaot of eisoMtof -totor * 
roro ootlof MtUoot, tovaioUr o«t*«T»-l to *Mp». B» cay«ii#3e» or tto a 
Mdborm U ooBiwlltA >y too rooftloo of to. tootor » rfttch oom ojwoioU 
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«otl> It evtwte itecui? S6 porarldad oo Vc M*Tl. 4b owaer It i 
tomwrdly 41xooUa» imttfaU umrtly tow** u» ao«ft.. tnn*«iw 
am tl ero baU to *Uoo » tot ihoft 07 «OJ*i *T tod elrcoUr C"»w aO 
prortflOfl on tfao toolt. 

Am «p»U^ tooa, Map* vie* «» fl**t-«tA#« alo tri tfco Mrttf- 
010*0 alt la trom th«# toa Hair to try* tfc to to tte ooals** 

fUtt-aU* 41* pr~U- ft fNit fttfotootio* * tl- uotr oo that It *» 

•Xpaoftoft AflOMt tkt OoU <* UM a0000d-«t»*0 Alt t»0» 



fuui tteoot* Mm UMr aai |nfo6i tfca n»*i mj»m1o« 1 
SO aorfooe of U» noor Baft ta wrrtA* war* iw oootaot oatwott U* liaiar end 
«h» wu or tat oatta* toft «rnt* o nou-ti#ri 

It ostrottxii, too lloar tottta* tool li i w i ^il at tat irafocc, oo 
dooorlfeoo ObOYO, tod * flow ctoU oofcmrotad *ith • r.****- mmt*n»l toy *o 
mnri inAl tai corned to tarm Urn liner, tto aaaoobly U toot* 
lsto U» *% too loooUoo at wttco V* H»ar Jo to ao Mt. A liquid, aoch 
to Oil. to Omn paaowt «ftor praaaura lorn toa toll toMoa; oad floVi Ihrotftfe 
tat YOfOavwoy 29 pronto* U fiollabod rol 31, throuft* porta # and Loto tfiia- 

flir 33 aunt ami *t AV - ~n aft o* ahoolicr *oo toa tvplltotaoo ©I 

flBlfl prtmuro to too eylloter, too platoa Jo aooorafl to poftlaba* rot 51 boom 
K> opoorAly U t/llaftoT 5>» At a***, ** 36 oomoat* poUiheft n>i 3l. aod afeoft 
IS vpgo «Mob 1* ■owtei «m xint-atofa tJip i «iiT> « iio 17. Kb« U- piatoa * 
, too tyllador >3 tfco Oi«aoitU< dJa \7 .aod Oo aooool. 
» portly into tl» ooorojatad Uoar ik naft Iron oof 



r ofslBrt tio anr<o«11n« am U otto » 



.^a. Of too coaiof la wal«o It la oadof ioaUllod. Mtioooft to tte 
aaaft boiotf toa u^pn&Xai ooafror a Ui aoaotoat COfltoo ijtrtu* «oooalr 77 
1* a>«lo|«4 to vaa Uo oxpooftla« i 
i^batantloUy aoattoot. ftreo. lae 
aoiMtaotloLly woatoot, tho foroo tiooaolttoft throi^i too «o aoofcar* V> 
30 Uot» omd to loo oootoa tlU to r*ota*ttoUy aoootoot aa toot altbor tUoVtoa 
ot lao tool It t»a omU| or roptvo of tao coal 04 ia prool^ot. Of oooroa, 
tM C6roo proVlftoi or W» vUft - 



miisii^im 1 
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/arose betoeoo the tool u4 too linear and the srtHom ivrM «o*tNt too «*- 
la* oro —totolood *t frooolontiood Mft J*r«3«- to* oatwWt fo/te spvtoa 

imn« toed toe «~wt /MiMrt totweo- V* User fanlae PotllM ft> 
of too ♦*»» n Jt greet oaoufk to oronde Um ocelroA dornrootten of ton «u* 
lot> ywtlag to ut eooioc or to tto tool. 

The oonoboet rarao oprlom eooioor 97 1> »liao*tr ootateA am too oar 
18 Ni toM toWen Um ox»*f41*« oloaoot Moil cylindrical ioeor cOw rider 

■■elm 38 f onda« o poriiae of o, dlftorootlol tcron n t 99 toleti WunUi 

UM ieoOUc oo o»rlofl ommoo ft to oott notoor l8« UfforoffUol t w 
10 ilioeiT ooaprl-** toaft —Com? id om too ootrttc of Mdefc oro eto ooto toroodo 
18a, too lo-or MMBUor ■ I • 38 ororldod vLto J»e*l* tornoio 56» on* Ottoolo 
—Aw U provided wlto MiiMH Olo ood 01* p* too ootoloo eodL too loolda, 
rcavc«U«Ur, to oov *ItO toraedo on to* oooft cod too ■tootOor. Bm two 
oooo Of thread* oro awroo, onto 40 iforti aaUflei H»rt, or mm* terra**, 
to vlttftul «oxy Wo* load* *od 4Sff«r U pitch eo u»i enouUer 99 le *©**d 
ayoardly «o the ebelt IB aheo tb* rtott lo rowiwd relatlr* to tolaUo 
fto oboOWor 98 lo ooOaTOA to tha (Ml 10 V opUiao *5 w that It coo. aU*o 
UeMjltBHaeQlXr. tatltleiot rroo to rotate oo «e> eb*fb. YliOly mooted 
to too loan oiel or tov tblavle U o fitctlea osah u tow u*la|i 4S # 

tO » MdroaUoolljr ootue&td frlotlo* yao, or otter vtok aavl** for frlotlanaliT 
««*4*a«.«itfc too iMUU veil of too ooo&olt to ***** the thttole oootoot 
rotoUM vlto roojoot to too obaft. rwfmMy, too dlrootlon of too otenlior 
jmmmt tfaroad* 96el*ttee>«MUttotoftto Otft tteaad* 1*. o... rl«*t- 
head ttoU, ood toe site*, or loot, «r o or ooio 10* U outfrtl? trottor to*a 
toot of fchrood* 98*, nui too fidtok rooto onoc otooo to — ty. S» toto - 
■an, olook-wle* wwoimim of toe otort rolotlio to too tMtoLo oobom 

toaolAor r 98 to Odroooo spoort »Uot>t^ end • eoojMUdoo Lood U ooortod 

WjMudSjr oo oirtof oIoomA 3T to ante *mcU1*#> for noo»u f ooo PotieCtetory 
lltf orostUl oeroo wo oerfo «> iuls« fl<ee $nA ooo-telf WuWde/incb w 
99 toroofla oo 4 oooft etprartootoly l.T-lasb ootolte dleeMtor ood floo ood toiwa- 
throodr/lMk ooooro throodo oo o ibooldor ojprqgtootoay d.^-dootet 
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OOAAtKlt *CM WT*L«* >t MOJ>TlW» «uUM «l«MOt h\ 

UcwMly •orvn^i\« a at a alaralitor o* oioBaatai oolMn *fti|*«*4 aroaaA abaf* 
15. Ippar >*viM y^t* aaa>cr ^ U Id coataet vlth lb* *K«r oudj of 
«o» Mi i» tUirtl* aoMtiopol or. ofaart ifl 4o bwM* u» fare* of ttc 
nsriit looaltaaimUj HUMt tko Volte* *od or npaaam M*tr a*. Icwcr 
team* alato aootar H omtacto W«' onto of U» •ol«a» aa* It ncmd 
aaaarAlr aloaa **• aaafi 07 iMdNHlMi wwrt erf Iomi Milter «J #- * 
rooatt of r»»ol«lM alffwwttal oaroo ilmt 5?. Ofoava. ¥7 tro jrwtlM 
la aaa* pr taa Maria* ala»»-. to ftam aa mm aaA a knr mm, lot* 

*da» v* cod* of Vm t ol » — ■ aw laoartoa* TW 
oo*rf»ra MU lh» «Wc or ta» to*aa» ood» U doalrai, 
aaoJojo* to asolato foralfa MtUr fro» U- 



A «owr 46 aa? W 
ntukta aroUct 



A mom tor UadUac t2» AaflaoUoa of U» oolavoa U roqulrol. 
i tlx* ocJim iTii ) fwvtlCM la a baoilad ooadltloa, cbbUmUod of • 
■ptiUft load tacroto WA anno total fatwa or roptarc of 
•qIvm*. Atnfm, * poir of rlopa *9 ■*« «r» prwi«oa icor Hu» perpo-e. 
A* o», U» atoao are rtalCiy owo»«t>e* fc» too Warto* pltUo, ana, La 
•fftwi ooapnaa aapor aa* Mr UalUw •'uaraa po«Ltloata on tha ataft *> 
83 alloc loaaltadloaUy Uoraoa. 9n wcAo or too •topa aa* vwiri, or w 
froa, aaa* otbar a* »m loot ba tb» nartaf aaabo **M*a. law »U*rt 4«a 
1. MiaVta) from -0*1*4 toad >T U*%* aboaUor 3* ■oaaaatai 1o V* abaft 10. 
toaavar, Ho aaadaf totaao* ua aada 1* aa to Halt tb» loagstallaal 



AofWtavtloa of too ooUam alaaut aulooa al\«matt-«« aaaa* for #rna*- 
laa daaafO to the oo)aao OJaaaaO aav also W oaplagpaa« tor asaapl*, ilaa or 
rinn aooatal oa ioA oaart mqt owtw *rf or lib* oowtr 48 vrarld«d <acb 

•altablo ooaiMdCLoao aa» W aa>^ad fur tail purpose to limit looaltoUiwi 
•od/or later*! aaflactloa of ooJoau*. 
30 oolow of tf» column claaoai h) mmy aa arraaaai arooM tiw 
eaft 1*> <aUQH aa ataaa karo rorat « ooritoo o* ifca My of lao tfrtai 
■orito, «th oato of tmm Hi m*a* ia iM raoo* *• toUaaM »my a» 
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ritttd dotal? tagMtor a* aaoro, cr «agr t» ifutd arovvl u« /mta, aito aej"- 
ratox* utd totooon Vmm u> atiottda toe «wini ejaeto*. TT«o nutoU af 
OOlaaaa Baployad Wll Cot*!--* npce caltaai rag tori ttlca aol ibo -.Lulaj* Of 
oooatsuuUoo. ftor axaaal*, to* atoadaraat* rtolo of tba coluao a*/ w wrlM 
aidalr, V* Oft CO)M «t» *d7 Mart, flstj flawl or hin^d. Ib* pMMNl 

aonaWatito la a tola, «)«r««r <eim vitb lowato* aato, fr» to «w -iuu* 
to* run -to*** to to* ivmiiN ar to* aolwn t*to. ftateriala «M«h a*/ to 
aatlafaotorll* for toft a©toB»» ■ 

ateoajva i(tuiH# ***>"»«. 

tor^lUaa ftopaar, to* M«* aaatel •JIojtm MA ottor alalXar 
«t«rtml* aroriaiaa ftallftfaCtotT tool pwyartto*. TjatoaU*, toft UU- 

vUoal *ola*» or too* yvtW»u*Y ore— m Mw, *iUk u» niUi Wi M 
(mt« ton Ita Lfticto— >, tnt inti^ to tlwrt to» «rt4M lao* of ton miwx 
Is uml to UM Aiaaator of t*a atari*. Shua, *tto oaTtLcloat co>+m*loa 
Loading to* odlooM aaokl*, «ad toad •boat too m1* koriof too loaat KN*«t 
of imrtia, ©uuojftlj bmjt fhn U* abaft 10. 

ftw amis. % frooj> at oalMMM D . xf>T -3 wsii tol«*. »/ O.ajS-lncfc vlfte 
*X UK&tf-locbaa lcn«, vtu» um *ad» tow***, w«* fatariowtod rroa l.X.B.I 
*3*o «to»i« qa«L»J»A mmA Arut* at 575*1- txdnm tn (osmi ia raooii* a 

erltiaal k^mmKh loado* of *50 pooM» 1» ortw to baoklp to* «avmb. 
. Aftor toaJflUfj toa mLmm «m« faanl to bava a wy fl»% ««ria« duractarl*- 
Mo, ao too**. Jb ru«ra 3, ^nli * c la tba erlttaal aaoiiu*. load a** **** 
0 raaraaaato toa toad aaa oaflartlon ai vfcLoh Un «Lr*M la too aaoVfa^ rihaxa 
of taa aolaaa a*a*M Xlm yUU »oUt of tba aaWrlal. ttaoiwtlaaUj. iaa aaap* 
Of tkU aprlac obanatarlatle may la daaarltoa \j avna Oi'aSO. fertoall;, 
tWi carta !■ o^aorttal *r OaJO Ami to frloilm la Ua tyrtaa. fcrt*a* Ami 
laaraaast Vyloal %onda« Uatta, «<Uoh> of mm, ta varied accwrftlag to 
Ua aaallaaUoo for vhtch tba fprli^c U daaSoaaa. Rf aaaoa>la # ataarc ft larot 
oaabar of flaxla« ayaUa ara not a&tlalifatad, a wnidog tuata juat bolov tto 
ylalA folnb may b* oaed, ^4la alto a grcai ™W of n«car— , tha worklna 
«traa» oay to fcalA to laaa Ua* too anSvraBoa Wait of taa aatottaJ of koortrae- 
noa. la to* abon-aaaUooKl «a*ta ( to* latoial daxiaoUan w ltoi.tad to 
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AffXOOlojto}? ooe In**, mt vtHoh too lofwlcaOUfel doflcct»«o «i •ffrwUfi^V 
O.tt? tocot*. Fro- «ro «^UtUoo to tta mzumm UTUv«*m, IM 05O-POud4 
l«odlA| 1U fOoad to H ojUUBtUUj o*»U*t. 

xm wntti/ «Mt a aparlag dvrlov mi telt, oo < n i, ijloprlrm 80 
colon, oo«fc tevU« * orltleol ftnooUj* Mod of IfiJO 70*0*. no UU»1 
Mltiu* mui UjdW4 wtMM 0 cod .bwt 3.00 lochio Of «pp*tpri«wi9 po«l. 
UoaIm too otojo. (fee* wqawi loool to— Wfc loo *frl»« t few*!** «t 
otawuouoU? 15,000 powU «* fn» * iotfitMUoLl 4»n«*M or 0.<* i r m 
> to Moot 0.15 UabM loid wrt mil H M^toU l ot t5,aco 



or tavw, u oovtootof a ifvlae ol oo o ot u boom it i« m« 
to t*t«lft too cnooort fomIUo nlai of looftfcoilooL oonootlo* tor opoeitlol 
mlOM of lotorol ooflootloa *•* ormcol booVlU« looo, sloWUUOi 
«te itun ImvI U ttm ooIsbd* «t o **f» lovol* So oxofo*r»a odIm. Uow- 
fooo, m Joolaotoi, «• often la ll«or»o lime, Kit* *iu>li flot ■■•W* 



IB tt» opontftoo or to* okovo Bqnm tool for tottUm * lion 
la wU w>rtoA tko oodcHOO %00l L» lnrwol Uto tko o*U u mUomI kbora, 
with Ua an* ttutte nrV««ud portion- om» th» tool l« ot too aoatrod 
Imol, to* Mil ttftdo* It loOaltod. So fristUA oorfbor Wt CV|H idto tho 
vail off U* oodl&f'oot Q on o ot o thlool* *1 rroa rwmlrlzm- mml 
rrvolaftloM ad ite MM« laoor oooold«r M U oowt «oolly oy dlfforeouol 
■ovov SO to WtfUo aorta* o l o oo o i 3T to* » jcotetanAaBt *rlUoU 

■o. VMo loot ft* twoj oAtoot *r-*Ujr oojlaoo too km ad of • 



' col It* tosorol owf mo 1« o#oi ol«h too tajoood rarf*M o» 
Urn m tt to wo too Vwo ootamiml^ a ooWtooMollf 
ooaotaot rom javoortloool to tfao critical tuaollna load of uo ojol&c 

OlOMOt. ■OftOOOOBOtl* tliO OXpOOAtOff tOOl 10 fOBM* tbTD^ CM lloOT «0 

t^pttd It lo too coolA* la tb» pftoor &*»erlb*l teroiaotfor*. 

tW foroo^Uoj oooalytloo of o of of 1 1 oi oooottoot o# 07 latoottoo 
Mo ono cIto* for too povyoov of oxooolirieotlco. It id U bo iO)^r^ood tt*L 
ywrivm ootULoooloM io too ootollo o* aoootraotloo will Vooooo «poot«»t to' 
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